ISCOVERY of pulsars included in binary systems (BS) is dated to 1974, when Hulse and Taylor announced the parameters of pulsar PSR B 1913+16.It inspires great motivations for possible new physical measurements of the properties of neutron stars (NSs).We present a simple model to estimate the deformation in shape of two neutron stars bounded to each other in a binary system due to their mutual gravity. The model predicts the Bulk modulus of the pulsar -as an infinite nuclear matter. In particular, the model determines the stress and the strain of a pulsar included in PSR B 1913+16 binary system within the frame of Newtonian theory of gravity. The calculations show that, our approach is consistent with the model of two spherical neutron stars up to the eccentricity-squared. The model could evaluate the axial elongation of the observed NS as well as the eccentricity. The eccentricity is found to be of order and the elongation is of the order .
Introduction
Pulsars PSR B1913+16 (PSR J1915+1606) and PSR B 1534+12 would exhibit a rich set of potentially measurable relativistic effects. Subsequent studies have shown that the pulsar's companion must also be a neutron star [1, 2, 3] . The systems are essentially clean laboratories for testing relativistic gravity. The tidal and rotational stellar distortions are complicating factors for any dynamical analysis and the largest remaining complications depend on referenceframe accelerations related to the structure and dynamics of our Galaxy.
Deformation of neutron stars is controlled by the equation of state (EoS) of the neutron stars. The difficulty in estimating the neutron star deformation parameters is coming from the absence of physical models relating stress and strain on the matter of the neutron star. Using EoSs, several studies estimate the compressibility coefficients of the neutron stare to be in the range 180-240 MeV for finite heavy nuclei by performing effective interactions-microscopic calculations [4] . It is found that some effective Lagrangians having a bulk compression modulus in the range 280-350 MeV can predict correctly breathing mode energies in medium and heavy nuclei [5] . A symmetric matter incompressibility parameter
MeV fits the heavy-ion data [6] . Using a quantum hydrodynamic effective model in the mean-field approximation to the description of neutron stars, it could be predicted that, the compression modulus of nuclear matter is K = 257.2 MeV [7] .
It is possible to estimate the strain and stress on the surface of a pulsar included in a binary system in the frame of Newtonian dynamics. Horowitz and Kai Kadau's [8] published simulations of Coulomb solids for representing neutron star crust show that,the breaking strength of neutron star crust is about 10 10 times more than for terrestrial engineering materials such as metal-alloys where the strength is measured in fractions of a GPa, and the breaking strain is about 0.1. A stable and unique value of the infinite nuclear matter compression modulus (K_∞ = 288 ± 20 MeV) has been extracted using the masses of all known nuclei [9, 10] .The extraction method does not use any effective interaction or dynamic property like monopole resonance.
In the present work, the gravitational effect on the deformation of a pulsar included in a binary system will be modeled in order to calculate the potentials and the force components in the body and on the surface of the pulsar. Section 1 will exhibit the basic model of a pulsar in a binary system. Section 2 shows the developed model to define the deformation of the pulsar using the terminology of ref. [11] . Section 3 are the results and discussions. Finally, section 4 is left for the conclusions.
Basic Parameters of PSR B 1913+16
The 1 st binary pulsar system PSR B1913+16 was discovered by Hulseand Taylorin summer,1974 [12] in a systematic search for new pulsars. The nominal pulse period of the pulsar is 59 ms. This short period was observed to be periodically shifted (Doppler Shift), which proves that the pulsar is a member of a binary system with an orbital period of 7.75 hours. With Kepler's third law and reasonable masses, one concludes from this that the system is rather narrow, having a diameter of roughly correspondingly, the velocity of the pulsar c and it moves through a relatively strong gravitational field ( ). These parameters show that several special and general relativistic effects should be observable. This calculations have been achieved over three decades with increasing accuracy [13] . The measurements on the system PSR B1913+16 yield enough information to determine all parameters of the system as shown in Table 1 , and allow in addition a test of general relativity (GR)-results, provided that; the companion star has a negligible quadrupole moment and tidal interactions are small enough [14] . These conditions for a "clean" relativistic system are probably fulfilled.
The model
The proposed model aims to setup a calculation schem of the deformation of a neutron star included in a binary system. The basic assumbtions of the model are;
1. The deformasion of the absorved NS is due to the resultant forces of the Newtonian-gravition.
2. The intial shape of NS is a sphere at apastron, and after the deformation at the preiastron, the shape will be an ellipsoid of revolution with small eccentricity about z-axis. The deformation is along the z-axis, preserves the radius in XY-plane, and occures according to the classical tide-theory [15] .
3. NS is, instantly, in thermodynamic equilibrium (static NS,) and the mechanical balance is between the internal pressure force and the resultant gravitional force.
The spinning of NS about the z-axis will not
affect the deformation of the NS, specifically for symmetric deformation.
5. The density of NS is uniform and denoted by .
The proposed model of the pulsar and a companion NS included in binary system and orbitting about their common center of mass is illustrated in Fig. 1 .
The effect of the companion (NS) on deformation of the observed pulsar is shown in Fig. 2 . The pulsar orbital motion includes an acceleration toward the companion (NS). This acceleration affects any surface element on pulsar, as it orbits with the companion NS. The resulting deformation corresponds to the pull at the pulsar's center. Any surface elements on the companion (NS) side of the pulsar (point B) is pulled by the companion (NS) with a force that is slightly greater than it would be at the center. The surface of the pulsar which is nearest side to the companion (NS) behaves as if they suffer a slight additional attraction toward the companion (NS). On the other side the surface on the far side from the companion (NS) (point A) are pulled by the companion (NS) with a force that is slightly weaker than it would be at the center. Also it is clearfrom the Fig. 2 , that, at the points P and Q there is weaker deformation effects than at points A and B because of small compressibility of Neutron star matter. It is possible to reason why must the deformations of the nearest and the farthest parts of the pulsar be symmetric? The answer is that, the acceleration of an element on the pulsar surface is evaluated from Newton's laws followedby Tailor-expansion for the variable ( ) up to order one about (the z-coordinates of the center of mass),we get . That is, at any instance of observation time the relative velocities of the surface elements cause a type of symmetric instantaneous deformations of the whole body of the pulsar. The instantaneous deformations reshape the spherical NS to an ellipsoid of revolution with the major axis is along the line passing through the centers of the two NSs. The gravitational potential is calculated analytically inside and outside an ellipsoid and sphere by integration over the mass-element of a single NS using Newton's law of gravitation potential. Performing the integration procedeure for , and then obtain the series expantion up to order . The integration for ( ) is cyclic due to the assumed geometrical symmetry. The last integeration for ( ) is done analytically The integrant in equation (1) includes singularity at for the case . This singularity point requires mathematical labor for performing the integration over .
To find the stress, first obtain the negative of the gradient of the Gaussian potential inside (i) and outside (o) the ellipsoid (E) and the sphere (S) to get the z-component of the forces per unit mass: respectively. They are calculated analytically and found to be:
Where is radius, is gravitation constant, is density, and is eccentricity.
The z-component of the resultant of the forces per unit mass on the mass element at the surface of the observed NS is found by:
, (11) Where and are the distances between the centers of the two neutron stars at periastron and apstron, respectively.
is the radius of the observed NS, when it was a sphere.
. Then the stress ( ) can be written as,
(8)
(10)
The volume of ellipsoid and sphere are given respectively by, , (15) The strain given by, (16) The elastic modulus of volume-deformation is known as the bulk modul and is defined by (BM) = The compressibility is a thermodynamic coefficient, defined by:
. Then the compressibility can be written as, . (17) That is the compressibilty is a function of the NS-parameters ( ). The published estimations of the compressibilty are coming from the proposed equations of state of the infinite nuclear matter [16, 17] . Our model is successeded in estimating the value of the deformation along z-axis and give an acceptable picture of the effect of the gravitational interaction on the infinite nuclear matter. In future work the authors will introduce the modification to the model, which enable the astrophysists to estimate the deformation magnitude of a NS in BS.
Results and Discussions
The authors find Newtonian potentials and forces (see equations 4-6 for calculating potentials and equations 7-10 for calculating z-components of the forces) according to the proposed model for the observed pulsar as a compact object included in a binary system. Figure 3a presents the comparison between the spherical and ellipsoidal single pulsar potentials and Figure 3b is a comparison between forces, where the eccentricity and the radius of the pulsar are assumed to be , .
The potentials in Fig. 3a have a characteristic
and constant values at . That are, , a n d . T h e potential at the surface of neutron star ( ) is another chractaristic quantity. That are, ,and . The notch at in figure 3b is due to the approximation through out the numerical calculation. The discontinuity in the curves of the force is due to the different functions describe the inside and the outside potentials which must coinside at the surface of the NS. The potential and the force of the ellipsoidal body resulting from the infinitisemal deformation of the spherical body are consistant and have similar chractaristics and behaviors as in the case of spherical bodies.
The compressibility ( ) is calculated for the proposed model according to equation (17) and shown in Fig. 4 .
It is clear that, as the deformation increases the eccentricity increases and the compressibility decreases, i.e. the same gravitational forces could cause more deformation. That is the neutron star material becomes more soft.
The compressibility of finite nuclear matter in its ground state is calculated by using the highly symmetric skyrme potential of a shell model in the paper of M. M. Sharma [19] . The conclusion is that, the compressibility should be between for the neutronpair separation energy to be consistent with the experimental data on the charge -radii.
M. M. Sharma had taken the saturation density to be in the range , while the saturation binding energy is fixed at and the effective mass is froen at . There is a strong correlation between the neutron-pair separation energy and the compressibility .
The infinite nuclear matter could be studied through its equation of state. K. Hassaneen and H. Mansour in reference [18] [18] , and calculates the bulk modulus , the eccentricity , and the elongation along z-axis . The conversions of units from to for , requires the value of saturation nuclear density. It is taken to be , which is the average values of used in [18, 19] . The conversion equation for is: ,
The behavior, from Table 2 , of the eccentricity and are monotonic decreasing with the compressibility of the nuclear matter in the pulsar, which shows the stiffness of the NS materials and put a restriction on the acceptable equations of states. It appears that, the estimated deformation of the pulsar due to its companion has the order of ( ) for eccentricity, and the mean elongation along z-axis is of the order . These small orders support the model assumptions.
Conclusions
In the present work the authors propose a simple model to estimate the bulk deformation of static pulsar in a binary system due to the companion compact NS. The model is applied to the system PSR B1913+16, whose parameters are given in table 1, It shows a consistent behavior with the similar classical predictions from Newtonian potential as the eccentricity is diminished. The model predicts the bulk modulus of the infinite nuclear matter and estimates the amount of the deformation. . The model produces the axial elongation of the observed NS as well as the eccentricity. The eccentricity is found to be of order and the total elongation is of the order . The proposed model requires modification to be effectively used in pulsar data analyses. The authors will introduce the modified model in next publication.
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